Abstract At present, urban areas cover almost 3% of the Earth's terrestrial area, and this proportion is constantly increasing. Although urbanization leads to a decline in biodiversity, at the same time it creates extensive habitats that are exploited by an assemblage of organisms, including birds. The species composition and density of birds nesting in towns and cities are determined by the types of buildings, the structure and maturity of urban greenery, and habitat diversity. In contrast, the habitat traits shaping the community of birds wintering in urban areas are not known. The aim of this work was to assess the influence of habitat structure, food resources and the urban effects (pollution, noise, artificial light) on an assemblage of birds overwintering in an urban area. It was carried out in 2014 and 2015 in the city of Kraków (southern Poland), on 56 randomly chosen sample plots, in which the composition, density and interseasonal similarity of bird assemblage were assessed with line transect method. A total of 64 bird species (mean = 17.7 ± 4.9 SD species/plot) was recorded. The mean density was 89.6 ind./km ±63.3 SD. The most numerous species were Great Tit Parus major, Magpie Pica pica, Blackbird Turdus merula, Blue Tit Cyanistes caeruleus, Rook Corvus frugilegus, Fieldfare Turdus pilaris and House Sparrow Passer domesticus. Noise adversely affected species numbers and density, but artificial light acted positively on the density of birds and their interseasonal stability. The species richness and density of birds were also determined by the number of food sources available (e.g. bird-feeders). In addition, the greater the proportion of open areas, the fewer species were recorded. In contrast, the more urban greenery there was, the greater the density of the entire bird assemblage. Urban infrastructure (buildings, roads, refuse tips) had a positive effect on the interseasonal stabilization of the species composition of wintering birds. The results of this work indicate that the urban effect, i.e. noise and light pollution, apart from purely habitat factors, provide a good explanation for the species richness, density and stability of bird assemblage wintering in urban areas.
Introduction
At present urban areas account for almost 3% of the Earth's land surface, and this proportion is continually rising (Liu et al. 2014) . Consequently, urbanization is regarded as one of the main threats to wildlife, the most significant cause of the extinction of species (Czech et al. 2000; Sushinsky et al. 2013) . The deleterious effects of urbanization are potentiated by its ever stronger influence on pristine, naturally extremely valuable areas (Marzluff 2001; Mcdonald et al. 2008) . At the same time, the presence of wildlife in urban areas improves people's quality of life (van Kamp et al. 2003) . Since towns and cities are inhabited by more than half the human population (UNFPA 2014), the preservation of the greatest possible biodiversity is of crucial significance to their inhabitants and is taken into account in town planning policies (Mcintyre et al. 2000; Sushinsky et al. 2013) .
On the one hand urbanization leads to an overall decline in biodiversity, but on the other to a concentration and increase in the abundance of populations of synanthropic bird species (Czech et al. 2000; McKinney 2002) . Factors favouring species inhabiting towns and cities include the permanent supply of food (Rodewald and Shustack 2008; Tryjanowski et al. 2015b) , mild temperatures (Jadczyk and DrzenieckaOsiadacz 2013) , the availability of suitable nesting and roosting sites (Sacchi et al. 2002) , the lower level of natural predation pressure (Gering and Blair 1999) and artificial light, which prolongs diurnal activity (Longcore and Rich 2004; Miller 2006) . In sum, urban areas offer suitable living conditions to synanthropic bird species, the consequences of which are an extended breeding season, a high level of reproductive success and higher densities than in natural ecosystems (Møller 2009; Jadczyk and Drzeniecka-Osiadacz 2013) . All this encourages certain species to move into urban areas, so that their numbers are increasing there faster than in rural areas (Møller et al. 2014) .
Urban environments offer appropriate conditions for flexible species, and they do indeed achieve high numbers there (Jokimaki et al. 1996) . In contrast, such areas have a deleterious effect on sensitive (stenotopic) species, which avoid them because they do not offer suitable habitats, or these are degraded or fragmented. Increased mortality, poor individual condition and low productivity of urban populations are due to high levels of air, water and soil pollution (McDonnell 1997; Marzluff 2001) , and also to vibrations and noise, which force birds to expend more energy on communication (Francis et al. 2009; Nemeth et al. 2013) . Further deleterious factors include road traffic (Forman et al. 2002; Bujoczek et al. 2011 ) and tall buildings (Longcore and Rich 2004) , both of which give rise to collisions, which in turn reduce numbers of birds.
The richness of the breeding bird community in towns and cities is shaped by a set of habitat factors that includes the types of buildings, the maturity of urban greenery, the number and size of trees, as well as the diversity, patch size, fragmentation and spatial configuration of habitats (Crooks 2004; Palomino and Carrascal 2006; Stagoll et al. 2012) . Apart from these habitat factors, the urban bird community is affected by another set of factors that are consequent upon its existence and functioning, which we can call the urban effect. This consists of pollutant emissions (Ciach and Fröhlich 2013) , artificial light (Miller 2006) , noise (Nemeth et al. 2013) , as well as the economic conditions (Czech et al. 2000) and density of the human inhabitants (Lepczyk et al. 2004) .
For large proportions of the populations of many shortdistance migrants towns and cities are crucial as wintering areas (Pulliainen 1963; Meissner et al. 2012; Møller et al. 2014) ; they are also an important habitat for numerous sedentary species (Sacchi et al. 2002; Møller et al. 2014) . In addition, some species that do not breed in urban areas nonetheless concentrate there in winter (Jokimaki et al. 1996; Bellebaum 2005; Meissner et al. 2012; Jadczyk and Drzeniecka-Osiadacz 2013) , which increases their density significantly in comparison with non-urbanized areas (Lancaster and Rees 1979; Jokimaki et al. 1996; Tryjanowski et al. 2015c ).
To date, most studies of the factors governing the urban bird community have been carried out during the breeding season; in consequence, the ecology of birds wintering in urban areas is poorly known (Jokimäki and Kaisanlahti-Jokimäki 2012; Jadczyk and Drzeniecka-Osiadacz 2013) . The relatively well-known factors affecting the bird community of natural and semi-natural areas may not be applicable; indeed, their influence may be entirely different (Lancaster and Rees 1979; Jokimaki et al. 1996) . Even though the areas of urbanized land are increasing very rapidly, the role they play as wintering grounds for birds is still poorly understood, and how urban habitat structure and the urban effect interplay with the bird community in such environments is not known at all.
The aims of this study are: 1) to characterize the assemblage of birds overwintering in urban areas, and 2) to assess the influence of habitat structure, food resources and the urban effect on the species composition, density and stability of wintering birds. To date, wintering bird assemblages have been examined in the context of purely habitat factors; the urban effect on them has not been studied. To the best of our knowledge, this is the first attempt to undertake a joint analysis of the parts played by both habitats and the urban effect in shaping the winter bird communities of towns and cities.
Methodology Study area
This study was carried out in the city of Kraków (southern Poland, 50°05′ N, 19°55′ E) . It covers an area of 327 km 2 and has a population density of 2321 persons/km 2 (GUS 2014). Kraków is characterized by a broad urbanization gradientfrom the densely built-up city centre, through the suburbs with a moderate number of buildings to the scattered buildings typical of a rural landscape. The city's buildings cover around 6% of its overall area. The types of buildings range from the compact, continuous structures that cover the ground completely through taller and shorter blocks of flats to detached and semi-detached houses, with varying amounts of greenery in between (MIIP 2015) . The urban greenery is made up of native and non-indigenous species in various spatial arrangements, forms of management and stages of succession. One hundred different types of natural plant community have been identified in Kraków (Dubiel and Szwagrzyk 2008) . Urban greenery is the predominant form of vegetation in the city (47%), consisting of gardens (14%), squares, road verges and playgrounds (10%), allotments and orchards (4%), parks and cemeteries (3%) and other green areas (15%). The next most common group of habitats consists of open areas (37%): arable land (14%), spontaneous ruderal communities (13%), meadows and pastures (8%), wetland vegetation (2%). The remainder of the city's green areas consists of forests and natural woodland (11%): natural and semi-natural scrub (5%), deciduous and mixed forest (4%) and damp, riparian forest and transformed tree stands (2%). Roads and railway lines make up 4% and surface waters just 1% of the city's area (Dubiel and Szwagrzyk 2008) . The principal waterway in Kraków is the River Wisła (Vistula); six medium-sized tributaries and numerous smaller watercourses flow into the Wisła within the city limits (MIIP 2015) . The quality of air in Kraków is among the worst in Europe, containing high levels of suspended particulate matter, nitrogen dioxide and benzo(alpha)pyrene (WIOŚ 2014; AQIE 2015) .
Selection of sample plots; bird counts
Fifty-six sample plots on which birds were to be counted ( Fig. 1 ) were selected at random using Quantum GIS software (QGIS 2013) . In the first step, Kraków was divided into 389 1 km × 1 km squares from which the sample plots were drawn. The grid of squares was based on a point with coordinates 50°N 20°E. Then, every square was subdivided into four smaller squares of sides 500 m × 500 m; one of these was chosen at random for the counts. On every study plot two transects each 500 m long were marked out. They ran longitudinally or latitudinally (the ideal transect). Obstacles in the terrain (existing buildings, fences, walls etc.) caused the real transects to deviate from the ideal and ran along existing roads or paths.
Birds were censused during winter in 2014 and 2015. Two surveys were carried out each year: early winter (03.01-30.01) and late winter (01.02-28.02). A period of at least two weeks had to elapse between consecutive surveys. Counting was done using the linear transect method (Bibby et al. 2000) . All birds seen or heard up to 100 m on either side of the transect were counted. Birds recorded further than 100 m from the transect or flying over it were not included in the analysis. Birds were counted between 08:00 and 15:00 h CET, only on rain-free, snow-free and windless days. The transects were walked at an average speed of 2 km/h.
Environmental variables
The habitat parameters were defined within the boundaries of the sample plots based on existing spatial database resources using GIS tools and also on the fieldwork (Table 1 ). The surface areas of urban greenery (GREENERY), forest and natural woodland (FORESTS) and open spaces (OPENAREAS) were calculated using the polygon vector layer of the atlas of the real vegetation of Kraków (UMK 2012), which is the effect of fieldwork done in 2006 (Dubiel and Szwagrzyk 2008) . The atlas categorises the city area into 58 habitat types, which have been allocated to one of the three habitat groups stated above. A separate polygon vector layer was created for each habitat group. Urban greenery (GREENERY) included cultivated green areas (parks, cemeteries, squares etc.), the spontaneous greenery of developed land, and garden greenery (house gardens, allotments and orchards). Forests and natural woodlands (FORESTS) included deciduous forest, mixed woodland and naturally growing shrubs. Open spaces (OPENAREAS) included arable land, meadows, pastures, uncultivated and fallow land, rock vegetation, swards, heaths and the communities of trampled areas. Each of these layers was reduced by the layer containing the outlines of buildings (WODGiK 2009 ) and the layer of surface waters (MIIP 2015) , which yielded the actual surface area of a given habitat.
The area of roads and railway tracks (ROADS) was obtained by differentiating the city area over the area of real Distance to waters (WATERS) was calculated by measuring the distance from the centre of a sample plot to the nearest polygons of the layer of surface waters (WODGiK 2009). The distance to landfill sites (refuse tips) (LANDFILLS) was determined by calculating the distance from the centre of a sample plot to the nearest landfill site. The point layer with communal refuse tips contained two such sites that are accessible to birds, i.e. those at Barycz and Pleszów (MIIP 2015) . The distance function matrix (QGIS 2013) was used for calculating the parameters based on distance (WATERS and LANDFILLS).
Emission of pollutants (POLLUTION) was determined on the basis of the pollution map of the city (MIIP 2015) . From these the dominant class of the mean annual concentration of PM10 particulate matter in the air expressed in μg/m 3 (particle diameter ≤ 10 μm) was read off for each sample plot. The map shows the level of emissions in 5 contamination classes (1 -<20, 2-20-30, 3-30.1-40, 4-40.1-60, 5 ->60). The measurements were accurate to 10 μg/m The nocturnal noise emission parameter (NOISE) was determined from the map of road noise emission (MIIP 2015) . The mean noise class weighted by its range area was calculated for every sample plot. Noise values during the hours of darkness (22:00-06:00 h) were used for these calculations. Information on the magnitude of food sources (FOODSOURCES) was obtained during the transect counts. During each field survey the available food sources were counted: places where domestic animals were fed, active hen coops, active dovecotes, bird-feeders, rubbish bins and the enclosures where they are kept, organic refuse tips (compost heaps/bins), fruit trees still carrying fruit, manure heaps. The amount of food available in a given study plot was taken to be the mean from both seasons. In a given season the amount of food was the maximum recorded during two surveys.
Data handling and analysis
The numbers of species recorded (the sum of species from the two surveys per season) and the density of birds (the mean of two surveys per season) were determined in each of the two counting seasons (2014 and 2015) . Concurrently, the total number of species recorded (the sum of species from two years) and density of birds (the mean from two years) were also calculated. The density was expressed as the number of individuals of all species per 1 km of transect, taking into account each time the real length of the surveyed transect.
For each study plot the interseasonal similarity in species composition and density was calculated using Sörensen's species similarity coefficient and Renkonen's density similarity coefficient. Species with a dominance of more than 10% were treated as dominants, those with 5-10% were regarded as subdominants, and those with 2-5% as accompanying species. Species making up less than 2% of an assemblage were regarded as accidental.
Wintering bird community traits (number of species, between-year species composition similarity, density and between-year density similarity) were used as response variables. In order to normalize the data distribution, square power transformation of the between-year species composition similarity variable and logarithmic transformation of the density variable were used. Environmental parameters (see Table 1 ) were used as explanatory variables. A generalized linear model with the normal logit function was used to predict the relationship between winter bird community traits and environmental variables (Bolker et al. 2009 ).
Akaike's information criterion (AIC) was used for model selection (Burnham and Anderson 2002) . Because of the relatively small sample size (n/K ratio < 40) a small-sample version of AIC with bias adjustment (AICc) was applied in the modelling. The resulting models were subsequently ranked in order of increasing AICc. The differences between the models with the lowest AICc were calculated (ΔAICc) for each of the resulting models. Model likelihoods were normalized according to Akaike weights (w) to illustrate the weight of evidence of each model. The multimodel inference for all the candidate models was applied to evaluate the importance of each model predictor. AICc weights were summed for models containing a given variable. The predictor with the largest weight was considered the most important in model building (Burnham and Anderson 2002) .
In order to illustrate directions and estimates of the most important environmental predictors we used generalized linear models. In this approach we used predictors with the highest (p > 0.8) probabilities of being in the best approximating models (based on AICc weights). All statistical procedures were performed using Statistica 10.0 software (StatSoft Inc. 2011).
Results

Species composition and avifaunal structure
A total of 64 species of birds was recorded. Those with the highest frequency (75% and above) were Great Tit Parus major, Magpie Pica pica, Blackbird Turdus merula, Blue Tit Cyanistes caeruleus, Rook Corvus frugilegus, Fieldfare Turdus pilaris and House Sparrow Passer domesticus ( Table 2 ). The dominant species in the assemblage were Feral Pigeon Columba livia f. urbana, Rook and Great Tit. The subdominants included House Sparrow, Magpie and Fieldfare. Accompanying species were Black-headed Gull Chroicocephalus ridibundus, Jackdaw Corvus monedula, Blue Tit, Blackbird and Tree Sparrow Passer montanus. The other species were accidentals. The highest mean densities were achieved by Feral Pigeon, Rook, Great Tit, House Sparrow and Magpie (Table 2) .
Environmental parameters governing the number of species and its similarity The mean number of species found on the sample plots was 17.7 ± 4.9 SD (median 18, quartile range 14-20). The model best explaining the number of wintering species contained the following parameters: sources of food, nocturnal noise emission, area of open spaces, area of buildings (or surface area of roads and railway tracks) and emission of pollutants (Table 3 ). The comparable model (ΔAICc ≤2) did not contain the pollutant emission parameter, or additionally did not contain the building area and road surface area parameters. Of all the variables analysed, nocturnal noise emission and area of open spaces (exerting a negative effect on the number of species) and sources of food (with a positive effect) exhibited the greatest likelihood of entering the model best explaining the number of wintering species (Tables 7 and 8 ).
The interseasonal coefficient of similarity of the number of species (Sörensen's index) on the sample plots had a mean value of 0.65 ± 0.13 SD (median 0.58, quartile range 0.58-0.75). The models best explaining the interseasonal similarity of the species composition contained the following parameters: area of open spaces, area of buildings, surface area of roads and railway tracks, distance to landfill sites and emission of pollutants. The comparable model (ΔAICc =0.7) did not contain pollutant emission (Table 4) . Of all the variables analysed, area of open spaces and area of buildings (having a negative effect on species composition similarity) and road surface area and distance to landfill sites (with a positive effect) exhibited the greatest likelihood of entering the model best explaining the similarity of the species composition (Tables 7 and 8 ).
Environmental parameters governing density and its similarity
The mean density of birds on the sample plots was 89.6 ind./km ±63.3 SD (median 76, quartile range 53-117). The model best explaining the density of wintering species contained the following parameters: area of urban greenery, light pollution, nocturnal noise emission, sources of food and surface area of roads and railway tracks. The comparative model (ΔAICc =2.1) did not contain road surface area (Table 5) . Area of urban greenery, light pollution and sources of food (exerting a positive effect on the density of birds), and also nocturnal (Tables 7 and 8 ).
The interseasonal coefficient of similarity of bird density (Renkonen's index) on the sample plots had a mean value of 59.0 ± 19.1 SD (median 60.9, quartile range 43.9-74.6). The Table 3 Sets of candidate models explaining the number of bird species wintering in an urbanized environment (Kraków, S Poland; for parameters, see Table 1 ). The number of variables (K), Akaike's information criterion for small samples (AICc), the difference between the given model and the most parsimonious model (ΔAICc) (Table 6 ). Of all the variables analysed, light pollution (with a positive effect) was the one most likely to enter the model best explaining the similarity of bird densities (Tables 7 and 8 ). Table 4 Sets of candidate models explaining between-year species composition similarity (Sörensen's index) of birds wintering in an urbanized environment (Kraków, S Poland; for parameters, see Table 5 Sets of candidate models explaining the total density of birds wintering in an urbanized environment (Kraków, S Poland; for parameters, see Table 1 ). 
Discussion
The results of this work indicate that the urban effect, i.e. noise and light pollution, apart from purely habitat factors, provide a good explanation for the species richness, density and stability of bird assemblage wintering in urban areas. To date, the habitat factors governing wintering bird assemblages have not been well researched, while the urban effect as having an influence on the overwintering of birds has been overlooked altogether. Of prime importance to the species composition of breeding birds are the maturity and type of greenery (White et al. 2005; Palomino and Carrascal 2006; Stagoll et al. 2012) , the size and fragmentation of habitats, as well as the degree to which an area is built up (Fernández-Juricic and Jokimäki 2001; Crooks 2004; Palomino and Carrascal 2006) . The few papers dealing with the wintering period state only the following variables as influencing the species composition: habitat composition and geographical location (Tryjanowski et al. 2015c) , type of buildings (Jokimäki and KaisanlahtiJokimäki 2012) , density of bird-feeders (Tryjanowski et al. 2015b) , density of buildings, density and height of trees and shrubs, length of woodland margin and distance to water and railway lines (Tilghman 1987) . The present paper is the first to demonstrate that the urban effect (light and noise pollution) may shape bird assemblages wintering in urban areas.
Our results point to the negative correlation between noise and the number of species and their density. The effect of noise has so far been studied only with respect to the breeding period (Nemeth et al. 2013; Proppe et al. 2013) : excessive levels of noise have been shown to lead to the homogenization of bird communities. Species with low-frequency calls may be drowned out by the noise of passing motor vehicles, which forces them to call more often, and that, in turn, entails a greater expenditure of energy (Francis et al. 2009; Nemeth et al. 2013 ). The upshot is that the least flexible species withdraw from very noisy environments (Proppe et al. 2013 ). In our opinion vocal communication is as important in winter as during the breeding season: species with a similar diet congregate in flocks, searching together for sources of food, and while foraging avail themselves of the common calls warning against predators. In addition, the use of communal roosts during winter enables the exchange of information relating to such roosts and to movements between them and foraging Table 6 Sets of candidate models explaining between-year density similarity (Renkonen's index) of birds wintering in an urbanized environment (Kraków, S Poland; for parameters, see Table 1 ). The number of variables (K), Akaike's information criterion for small samples (AICc), the difference between the given model and the most parsimonious model (ΔAICc) Table 7 The AICc weights for each variable used in the model selection procedure (see Tables 3-6) . The values are the probabilities of a given environmental predictor being in the best approximating model (predictors with p > 0.8 are shown in bold) grounds. Therefore areas with a high noise level are avoided by significant number of species potentially wintering in urbanized habitats.
The results of our work show that artificial light is a factor providing a good explanation for the density of birds and its interseasonal similarity. Artificial lighting transforms the nighttime environment in urbanized habitats and light pollution may have physiological, ecological and evolutionary implications for animal populations. Laboratory studies of the effect of artificial light on birds have shown that this alters their natural biological clocks (Aschoff 1966) . Light sources act unconditionally on some organisms by disrupting their orientation (Verheijen 1960) ; this may partly explain why birds tend to congregate in brightly lit places. However, light at night is considered as a major driver of change in timing of daily activity. Light pollution effect has been studied mainly during the breeding period and in the context of extended vocal activity associated with displaying behaviour (Miller 2006; Da Silva et al. 2015) and earlier development of reproductive system (Kempenaers et al. 2010; Dominoni et al. 2013) . In contrast, the effect of artificial lights on the timing of behaviours during winter has received relatively little attention. Although birds exposed to light in the night show earlier onset of activity in the morning (Dominoni et al. 2014; Da Silva et al. 2014) , some studies suggest that artificial light at night is not an important driver of the timing of foraging behaviour in winter period (Clewley et al. 2015) . However, other results indicate that species are able to extend their activity period by utilising artificial light during the winter (Byrkjedal et al. 2012 ) and typically diurnal birds are capable of foraging at night under artificial illumination (Lebbin et al. 2007) . We believe that the wintering bird density may change as a result of the extended photoperiod -this is probably to the advantage of urban dwellers. In areas brightly lit up by street lamps birds are likely to be active longer than in unilluminated areas, which is of especial importance during the short days of winter. Although, light pollution may reshape entire ecosystems, the impact of light at population or community levels remain major research gaps. In our study we show for the very first time that wintering bird assemblage is under strong influence of light pollution.
Our results have confirmed that the availability of food is one of the main factors affecting the number of wintering species and their density (Jokimaki et al. 1996; Atchison and Rodewald 2006) . Birds in urban areas are less afraid of humans and often consume food supplied by people Table 8 Estimates (±SE) and 95% confidence intervals (CI) of environmental predictors with high (p > 0.8) probabilities of being in the best approximating models (based on AICc weights -see Table 7) of winter bird community traits (number of species, between-year species composition similarity index, density and between-year density similarity index) (Pulliainen 1963; Luniak 2004; Meissner et al. 2012; Møller et al. 2014; Tryjanowski et al. 2015a ). The consumption of anthropogenic food is particularly important in winter, when natural sources of food are unavailable, vegetation growth having ceased and there being no insects (Moorcroft et al. 2002) . One of the basic sources of food in urban areas are bird-feeders, where a large number of species wintering in a town or city find their food (Siriwardena et al. 2007; Jokimäki and Kaisanlahti-Jokimäki 2012) ; a high density of birdfeeders increases the chances of a larger number of species in an assemblage (Tryjanowski et al. 2015b ). However, apart from the deliberate feeding of birds at bird-feeders, the food parameter that we analysed included other sources of nourishment, such as fruit on garden trees, food laid out for domestic and other animals associated with humans and rubbish bins, all of which can provide significant sources of food during the winter (Kwit et al. 2004; Bellebaum 2005) . Farmland supports a large number of species (Pino et al. 2000) and increases biodiversity (Söderström and Pärt 2000) . Within the Kraków city limits there is a relatively large proportion of fields and other open spaces, mostly on the outskirts (Dubiel and Szwagrzyk 2008) . These parts of the city, with quite a rural character, may provide a habitat for species typical of an agricultural landscape. Our results have shown, however, that the proportion of open spaces, e.g. farmland, in an urban landscape had a negative effect on the number of species and the interseasonal species composition similarity. This is because farm production has ceased and much of such land has been given over to the prospective housing development (Ciach 2012) . The lack of farm production means that agricultural land no longer provides the varied and constant sources of food that might otherwise attract specialized species (Wilson et al. 1996; Moorcroft et al. 2002) .
We have found that the area of urban greenery plays a significant part in shaping bird densities. The presence of treecovered spaces in a city provides birds with shelter and foraging sites; consequently, they are an important place where urban bird populations congregate (Lancaster and Rees 1979; Stagoll et al. 2012) . The density and heights of trees and shrubs are factors favouring high numbers of birds (Tilghman 1987) . Moreover, the lack of a typical understory layer and the considerable area of mown grass in parks and gardens are propitious to ground-foraging species like corvids, which usually occur in large flocks (Lancaster and Rees 1979; Sandström et al. 2006; Jadczyk and Drzeniecka-Osiadacz 2013) .
Species diversity is the highest in the suburbs, where the density of buildings is lower (Lancaster and Rees 1979; Palomino and Carrascal 2006; Sushinsky et al. 2013) . The present study has shown that the area of buildings acts negatively on the number of species, though positively on the density and its interseasonal similarity. Urban infrastructure has an adverse effect on avian species richness in that it restricts the available area of suitable habitat (Lancaster and Rees 1979; Sandström et al. 2006 ). In addition, tall buildings and a dense network of streets heighten the risk of collisions; mortality is therefore higher, which may lead to a population decline (Longcore and Rich 2004; Bujoczek et al. 2011) . On the other hand, these factors may exert a positive influence on bird density and its stabilization where synanthropic species are concerned, which achieve high numbers in cities. The present work has shown the dominants and subdominants to include Feral Pigeon, Rook, Great Tit, Magpie, Jackdaw, Blackbird and House Sparrowspecies for which urban areas are their principal habitat during the winter. Jokimäki and Kaisanlahti-Jokimäki (2012) demonstrated that interseasonal similarity was the greatest in suburban areas, where the density of buildings is not so high. But the density of synanthropic species increases with rising degree of urbanization (Sacchi et al. 2002; Jadczyk and DrzenieckaOsiadacz 2013; Ciach and Fröhlich 2013) . We are of the opinion that increases in building density leads to the homogenization of a city's bird assemblage: where building densities are very high, a small group of so-called urban-winners attains large numbers and forms a relatively stable core assemblage, which is responsible for its interseasonal similarity. Moreover, highly urbanized areas create temporally rather constant overwintering conditions, with an abundant supply of anthropogenic food, which is less affected by changing weather conditions or by intermittent food sources (e.g. vegetation phenology or mast years). The presence of buildings and communication routes also make for a warmer microclimate, which again acts in favour of synanthropic species (Jadczyk and Drzeniecka-Osiadacz 2013) .
One of the parameters with a positive effect on the interseasonal similarity of the species composition was the distance to a landfill site. Large refuse tips in winter are the main foraging grounds for a number of gull species and corvids (Betleja and Meissner 2005; Meissner and Betleja 2007) . Since refuse tips are a permanent presence in the urban landscape, they are regularly visited by these birds. Gulls and corvids include long-lived species, so once they have discovered this source of food, they probably revisit it every year (winter), which is reflected in the interseasonal similarity of the species composition.
Conclusions
The results of our study show that the species composition, density and similarity of the bird assemblage wintering in urban areas beyond habitat factors are governed by the urban effect, i.e. artificial light and noise pollution. Noise adversely affects the number of species and density, whereas artificial light has a positive effect on density and the interseasonal similarity of the assemblage. Moreover, species diversity and bird density are determined by the number of food sources. Any increase in the proportion of open spaces reduces the number of species, but larger areas of urban greenery enhance bird density. Urban infrastructure (buildings, roads, refuse tips) had a positive effect on the interseasonal stabilization of the species composition of wintering birds.
